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PATENT 


Attorney Docket No. TRIPP013 


OVERVOLTAGE PROTECTION CIRCUIT 
RELATED APPLICATION DATA 
The present application claims priority from U.S. Provisional Patent Application No. 
60/170,963 for OVERVOLTAGE PROTECTION CIRCUIT filed on December 15, 1999, 
the entirety of which is incorporated herein by reference for all purposes. 


The present invention relates to overvoltage protection in integrated circuits. More 
specifically, the present invention provides techniques for protecting integrated circuits from 
overvoltage conditions of relatively long duration with no significant loss of supply voltage. 
Every integrated circuit (IC) is fabricated according to a process with a rated absolute 

15 maximum voltage. If any of the pins on an IC are subjected to a potential greater than this 
rated absolute maximum voltage, the device will be destroyed. Thus, the system designer 
must ensure that the IC is never subjected to a potential greater than the absolute maximum 
voltage in a given application. However there are situations where the overvoltage problem 
is unavoidable and some form of protection circuitry is needed in order to protect the IC. 

20 One current solution involves the use of a zener diode tied between the IC's power 

pins and ground. When the system supply voltage (VIN) is less than the zener voltage, the 
zener diode remains off and current flows from VIN to the IC's supply voltage (VCC). The 
zener diode breaks down and conducts whenever VIN exceeds the set voltage for the 
particular zener diode. When the zener diode is conducting, excess current flows from VIN 

25 through the zener diode to ground, thereby holding VCC at the zener voltage. 
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BACKGROUND OF THE INVENTION 
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The main problem with this solution is that the zener diode must pass large amounts 
of current and dissipate large amounts of heat. As a result, this solution is only acceptable if 
the over voltage condition is for a short period (e.g., less than 1 or 2 seconds). Otherwise the 
zener diode overheats, self destructs, and the IC loses its protection. 

5 A voltage regulator is another potential solution for the overvoltage problem. 

Common voltage regulators such as the LM7812 can be used to limit the supply voltage at 
the IC. The main problem to this solution is "dropout voltage," i.e., the minimum difference 
between the regulator input voltage and the output voltage. The dropout voltage for a device 
such as the LM7812 is 1.5-2V. In an application such as automotive audio amplifiers, the 

10 supply should deliver the maximum available voltage up to, but not above, the rated IC 

voltage. Any dropout below the rated voltage is undesirable. So if the input is 14V and the 
rated voltage is 14V, then the regulator should deliver 14V. However, an LM7812, because 
of its dropout voltage, can only deliver 12.5 V under these circumstances. 

An additional problem with the voltage regulator solution is that the maximum 

15 output current may not be high enough to satisfy the system needs. For example, an 

LM340T-12 can source up to about 2.5A, which only supplies about 30W at 12V. This is an 
insufficient power level for applications such as an automotive audio amplifier. 

It is therefore desirable to provide overvoltage protection for integrated circuits using 
techniques which can handle overvoltage conditions having relatively long durations, and 

20 which don't significantly reduce the maximum output power delivered by the circuits 
protected. 
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SUMMARY OF THE INVENTION 
According to the present invention, IC overvoltage protection techniques are 
provided which are not characterized by the foregoing disadvantages. According to a 
specific embodiment, an overvoltage protection circuit is provided in series with the input 
5 voltage VIN and the IC supply voltage VCC which regulates the current between the two. 
That is, the circuit functions to reduce the current flow when VCC is too high, and to 
increase the current flow when VCC is too low. According to a more specific embodiment, 
the overvoltage protection circuit of the present invention uses a P-chaimel MOSFET to pass 
current between VIN and VCC, a voltage divider to sense and scale VCC, an inverting 
10 voltage-controlled current source, and a resistor to provide gate drive for the MOSFET. 
When VCC is low, the MOSFET is driven harder, allowing more current to flow between 
VIN and VCC. When VCC is high, the MOSFET is provided with less drive, allowing less 
current to flow between VIN and VCC. 

The present invention, which provides protection circuitry to prevent overvoltage 
15 breakdown in integrated circuits, should be distinguished from a mere voltage regulator. 

Voltage regulators typically boost (i.e., increase) or buck (i.e., decrease) an input voltage and 
output a set constant voltage, and are, themselves, integrated circuits having their own 
breakdown voltages. 

Thus, the present invention provides an overvoltage protection circuit for interposing 
20 between an input voltage and a supply voltage. The overvoltage protection circuit includes 
switch circuitry connected to and passing current between an input voltage node and a 
supply voltage node, the input voltage node corresponding to the input voltage and the 
supply voltage node corresponding to the supply voltage. Switch control circuitry senses the 
supply voltage and regulates current flow through the switch circuitry in response thereto. 
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A further understanding of the nature and advantages of the present invention may be 
realized by reference to the remaining portions of the specification and the drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a simplified schematic of an overvoltage protection circuit designed 

according to a specific embodiment of the present invention; and 

Fig. 2 is a more detailed schematic of an overvoltage protection circuit designed 

according to another specific embodiment of the present invention. 
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DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 
Fig. 1 is a simplified schematic of an overvoltage protection circuit 100 designed 
according to a specific embodiment of the present invention. As mentioned above, circuit 
100 functions to reduce the current flow between VIN and VCC when VCC is too high and 
5 increase the current flow between VIN and VCC when VCC is too low. To accomplish this, 
circuit 100 uses a P-channel MOSFET (Ql) to pass current from VIN to VCC, a voltage 
divider (comprising resistors R2 and R3) to sense and scale VCC, an inverting voltage- 
controlled current source (VCCS) (including Q2 and Ul) and a resistor (Rl) to provide gate 
drive for Ql. 

10 The VCCS includes R2, R3, Q2, and Ul. According to a specific embodiment, Ul is 

a three terminal bucking DC voltage regulator. For purposes of explanation, we will assume 
Ul is a +5V regulator. However, it will be understood that the regulation value of Ul may 
be a wide variety of values without departing from the scope of the present invention. 
According to this example, Pin3 of Ul is fixed at 5 V whenever the voltage at Pinl is 5 V or 

15 greater. Whenever VCC increases or decreases, the voltage at the base of Q2 goes up and 
down proportionally. 

When the base of Q2 is one diode drop or more below the emitter, Q2 pulls current 
from Ul, and Ul pulls current across Rl and turns on Ql, thus allowing more current to 
flow from VIN to VCC. When VCC is "high," the base of Q2 is also high. This causes Q2 
20 to draw less current from Ul, which reduces the current/voltage across Rl and Ql thereby 
allows less current to flow from VIN to VCC. 

Resistors R2 and R3 form a voltage divider which sets the voltage at which VCC will 
be clamped. Larger values of R2 result in an increased VCC. Larger values of R3 result in a 
decreased VCC. This "set" clamping voltage is then compared to the "set" voltage of the 
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regulator minus one diode drop for Q2. Where, for example, Ul is an LM7805, the 
regulator "set" voltage is 5V minus 0.6V for Q2 or 4.4V. 

According to a specific embodiment, Ql is a PMOS device in the common source 
configuration so that the gate is driven below VIN to turn Ql on. According to other 
embodiments, an NMOS device may be used instead. However, the gate would have to be 
driven above VIN and this would make the circuit more difficult to implement. 

CI is a filter capacitor that rejects high frequency noise on VCC and helps with loop 
stability. R4 is not essential to the operation of the voltage clamp but provides a limit on the 
current that Q2 pulls from Ul . 

Fig. 2 is a more detailed schematic of an overvoltage protection circuit 200 designed 
according to another specific embodiment of the present invention. Circuit 200 operates 
substantially the same as described above with reference to circuit 100 of Fig. 1. Circuit 200 
may be used, for example, to provide overvoltage protection in an automotive audio power 
amplifier system. In such an application, the car battery is connected to the 12VJGNT input 
and VCC is connected to the power pins of the amplifier circuit. An LM7805 voltage 
regulator is used to generate the "set" voltage for the feedback divider. In this embodiment, 
the ratio of the values of resistors R223 and R225 set VCC to be clamped at 15 V. It will be 
understood, however, that the ratio of these resistors may be varied to set the clamping 
voltage at any of a range of levels. 

When the vehicle is running, 12V_IN is at 14.4V, which is a typical rated voltage for 
the system. When the car's engine is started the voltage seen at 12V_IN can be as high as 
70V for a short period of time. Without adequate overvoltage protection, this 70V spike will 
likely destroy at least part of the amplifier circuit. A zener diode cannot be used in this 
application because it also would be destroyed. A regulator can be used here as described in 
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the Background. However, because of the dropout voltage the audio power amplifier would 
be subject to an undesirable reduction in output power. 

According to a specific embodiment and as shown in Fig. 2, two P-type power 
MOSFETs Q5 and Q6 (IRF9Z34s) are used in parallel to pass the current from 12V_IN to 
VCC. Configuring the MOSFETs in parallel reduces the conducting drain-to-source 
resistance (Rd S on) for the MOSFETs and significantly reduces the dropout voltage (i.e., by a 
factor of 2) compared to using a single MOSFET. This configuration also allows for shared 
power dissipation between the two MOSFETs. Thus, if 12V_TN is held at 70V for a long 
period of time the circuit would be able continue to protect the amplifier. 

Transistors Q7 and Q8 are not part of the over voltage protection circuitry. Rather 
they serve to disable the overvoltage circuit when the vehicle's remote line is low. With 
these extra transistors the amplifier will be completely disconnected from the power supply 
when the remote line is low. The remote line is used to turn the audio power amplifier on 
and off. 

While the invention has been particularly shown and described with reference to 
specific embodiments thereof, it will be understood by those skilled in the art that changes in 
the form and details of the disclosed embodiments may be made without departing from the 
spirit or scope of the invention. For example, an embodiment is described above in which 
the contemplated application for the present invention is providing overvoltage protection in 
an automotive audio power amplifier system. It will be understood, however, that the 
circuits and techniques described herein may be used to provide overvoltage protection in 
any integrated circuit application. Moreover, the present invention may be implemented 
using any of a wide variety of integrated circuit fabrication processes. Therefore, the scope 
of the invention should be determined with reference to the appended claims. 


